
Calibration Base Lines 



What Is A Calibration Base Line? 

• A series of stable monuments (marks) in a straight 
line (to within 2 arc minutes) whose published 
mark-to-mark distances and horizontal distances 
between all marks compare favorably with the 
National Standard of Unit Length. 

• The National Standard of Unit Length is determined by the 
National Institute of Standards and Technology (NIST). 

• NIST calibration services link the makers and users of 
precision instruments to the basic and derived units of the 
International System (SI) of measurements. 

• For more information see http://www.nist.gov/public_affairs/guide/ 



How Are the Distances on a Calibration 

Base Line Compared to this Standard? 

• The instruments used to establish the base line are traceable to the 
National Standard of Unit Length. 

 

• Before and after a series of calibration base lines are established, the 
instruments are compared to the lengths on the Corbin Calibration 
Base Line located at the National Geodetic Survey’s Instrumentation 
and Methodologies Branch at Corbin, Virginia. 

 

• All lengths on Corbin base line were established with a series of 
calibrated 50 Meter Invar Tapes.  These tapes were calibrated by the 
National Bureau of Standards (NBS),  now the National Institute of 
Standards and Technology (NIST) and were directly compared to the 
National Standard of Unit Length.  



What Is The Purpose Of A CBL? 

• The purpose of a CBL is to check the accuracy of 
electronic distance measuring instruments (EDMI). 

• Regular checks and documentation of EDMI calibration 
over a CBL provides surveyors with valid evidence of the 
proper function of their distance measuring equipment. 

• To assure the measuring capabilities of an EDMI have 
not significantly deteriorated, known distances forming a 
calibration range or base line is required. 

• EDMI observations made over a CBL provide a direct 
link to the National Standard of Unit Length. 



When Should An EDMI Be Checked At A 

CBL 
• When an EDMI is new and no previous 

measurements have been made at a CBL 

• After a repair has been made 

• Anytime there is a question to the accuracy of 
the EDMI 

• When it is dictated by law, management 
authority, or policy 

• When it is an agreement between the contractor 
and client 

 



How Are Calibration Base Lines Configured? 

• CBL monuments are set in a straight line on flat or even 
sloped terrain, or on terrain with a slight depression in the 
middle. 

• Monuments are usually set at approximately 0 m, 150 m, 
430 m and 1400 m.   

– The distance to the mark farthest from the 0 meter point must be 
1000 meters or more. 

• Some have a tape calibration monument (chaining mark) 
at 100 feet from 0 m point either along the base line or 
perpendicular to it. 

• Elevations published on marks are usually NOT to be 
treated as benchmarks. 

– In North Carolina most CBL marks are also benchmarks 



CBL Monumentation 

Without stable monumentation a  

calibration base line is worthless. 

 

For this reason, a heavy, poured 

concrete monument is required. 

 

The figure at right depicts this type 

of monument. 

 

Experience has shown that  

monuments with significant mass 

placed in relatively undisturbed 

soil have the best long-term 

stability. 
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Pt. 1 Pt. 4 

Pt. 3 Pt. 2 

Instrument at Pt. 1 – Reflector starts at Pt. 2     Measure: 

Pt. 1 to Pt. 2 - EDMI A then C; Observation AF1-2 and CF1-2 

Pt. 1 to Pt. 3 - EDMI C then A; Observation CF1-3 and AF1-3 

Pt. 1 to Pt. 4 - EDMI A then C; Observation AF1-4 and CF1-4 

Day 1 – First Occasion 



Pt. 1 Pt. 4 

Pt. 3 Pt. 2 

Instrument at Pt. 4 – Reflector starts at Pt. 3    Measure: 

Pt. 4 to Pt. 3 - EDMI A then C; Observation AS4-3 and CS4-3 

Pt. 4 to Pt. 2 - EDMI C then A; Observation CS4-2 and AS4-2 

Pt. 4 to Pt. 1 - EDMI A then C; Observation AS4-1 and CS4-1 

Day 2 – Second Occasion 
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1st Day – 120 EDMI A + 120 EDMI C = 240 Total Measurements 

2nd Day – 120 EDMI A + 120 EDMI C = 240 Total Measurements 
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Sample Data Collector Screen 

[ Distance Check ] 









EDMI Error 

• Constant Error 

– Stated by the manufacturer as a fixed + or - value 

– Same in sign and magnitude regardless of length 

– Error is systematic (accumulative) 

– Number of measured distances added together, the error 

in the total equals the number of distances multiplied by 

the constant error value 



• Scale Error 

– Proportional to length of the measured 

distance 

– Expressed as +/- parts per million (PPM) 

– Magnitude of error is equal to the length of 

the measured distance multiplied by the 

error in PPM times 10-6 

EDMI Error (Continued) 



Atmospheric Measurement Errors 

• Distance errors caused by atmospheric 

measurements errors 

– 1 degree Celsius in air temperature =  1 PPM 

– 1/10 inch of mercury in barometric pressure = 1 PPM 

– 1 degree in wet or dry bulb temperature = 0.01 PPM 



EDMI Measurement Error Sources 

• Constant Error 

– Plumbing Errors 

• Cross Hairs out of adjustment 

• Level bubble out of adjustment 

• Prism constant error 



EDMI Measurement Error Sources 

• Scale Error 

– Error in measuring the atmospheric conditions that affect the 

velocity of light 

• Air temperature 

• Barometric pressure 

• Relative humidity 
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http://www.aopa.org/lms/courses/runway-safety/ 
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Questions? 

 
Gary Thompson, PLS 
NC Geodetic Survey 
4105 Reedy Creek Road 
Raleigh, NC 27607 
919-748-7844 phone 
Gary.thompson@ncdps.gov 

 


